(\ NEUTRING

Proton Decay at DUNE FD
0= K+ v &39Ar

UNIVERSITY of

HOUSTON

YOU ARE THE PRIDE
DEPARTMENT OF PHYSICS

Aaron Higuera
University of Houston



0= K+ U &3Ar

+ For non-beam events, in order to obtain the drift time we rely on detecting the
scintillation light (t0) using PDS information

+ 39Ar beta decay is an intrinsic contamination in DUNE and can produce light
sensitive to the PDS, then it can be a potential issue for non-beam events

+ What is the impact of 3%Ar background for nucleon decay searches?



0= K+ v &39Ar

+ Previous studies were done by Kevin Wood by simulating 3°Ar and proton
decay events separately

+ Uses the most intense OpFlash if there is more than one OpFlash

+ In reality we will have 3°Ar on top of a potential proton decay event
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0= K+ v &39Ar

+ Simulation of 3%Ar and proton decay events

generator: @local::dunefd_1x2x6_ar39
generator2: @local::standard_ndk

+ How much of 3°Ar?

+ 1.01 Bg/kg per drift window (£2.25ms) using 1x2x6 geometry plus 1K proton
decay events
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+ Reconstructed OpHit
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0= K+ v &39Ar

+ OpFlash reconstruction in presence of 3°Ar and proton decay events
+ OpFlash is a collection of OpHits in time

+ PE threshold (default is 3.5 PE)
Impurity = 3°Ar PE/total PE
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+ Kevin’s studies show that a 10PE threshold will reduce significantly the
number of 3°Ar Opflashes



0= K+ v &39Ar

+ OpFlash reconstruction in presence of 3°Ar and proton decay events

+ All OpFlashes, still some flashes are only due to 3°Ar

Impurity = 3°Ar PE/total PE
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+ With 3°Ar and proton decay events, most of event tend to have more than one
OpFlash

+ Lets pick up the most intense OpFlash



0= K+ v &39Ar
+ OpFlash reconstruction in presence of 3°Ar and proton decay events

Impurity = 39Ar PE/total PE
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OpFlash Efficiency

p = K+ v & 39Ar OpFlash Matching Eff

—h

o
o

o
o
I
|

X threshold 10 PE

o
N

most intense OpFlash

o
N
I
|

@0
@O

b Tt
= 2 PE Threshold

= 5 PE Thresh old
10 PE Thresho Id

©
@

Reconstruction Efficiency [%)]

g 8 & 9

RARRS

3

0

m

-

a

8
I

Ow‘-  IEEEEEEESEEEEEEEEESREREREE

e d o b o Lo L oo Lo o Lo g o g 1
50 100 150 200 250 300 350
Distance from APA [cm]

L PRI T R I TR N T TN N T TN T M [N SN T T TN NN T TN SN T T T S M |
(0] 50 100 150 200 250 300 350
Distance from APA (cm)

250

200

150

100

50

0 01 02 03 04 05 06 07 08 0 1

OpFlash Impurity

+ Sometimes an OpHit contains PE from

K, u ,et and 3%Ar (electron)



p = K+ v & 39Ar OpfFlash-Track Matching Eff

+ OpFlash reconstruction in presence of 3°Ar and proton decay events

+ Select the most intense OpFlash and require that OpFlash yz center overlap
with the yz muon track vertex (loop at reco tracks and pick up the reco track
associated to a muon base on true)

+ Only K = 1 events (low statistics 595 events)

+ Plot OpFlash-Track matching efficiency as function of distance from the APA
using true muon vertex

effN/OpFlash FffeTrk Eff
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p = K+ v & 39Ar OpFlash-Track Matching Eff

Distance from APA (cm)

Loss in efficiency is due to track reconstruction
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o = K+ v & 39Ar OpFlash-MuonTrack Matching Eff

+ Select the most intense OpFlash and require that OpFlash yz center overlap with

o

OpFlash-uTrack Matching Efficiency
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Overall efficiency 74.0%

Loss in efficiency is due to track reconstruction and PID eff

12



o = K+ v & 39Ar OpFlash-MuonTrack Matching Eff

Why muon-tack matching OpFlash
does have 3°Ar contamination?

Are we choosing the right flash?

Bs are low energy but visible if close to PDS
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o = K+ v & 39Ar OpFlash-MuonTrack Matching Eff

Why muon-tack matching OpFlash does have 3°Ar contamination?
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o = K+ v & 39Ar OpFlash-MuonTrack Matching Eff

Why muon-tack matching OpFlash does have 3°Ar contamination?
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o = K+ v & 39Ar OpFlash-MuonTrack Matching Eff

Are we choosing the right flash?
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o = K+ v & 39Ar OpFlash-MuonTrack Matching Eff

Are we choosing the right flash?
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o = K+ v & 39Ar OpFlash-MuonTrack Matching Eff
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Comments

* If we assume that additional radiological background is one order of magnitude
below the intrinsic 3°Ar background at any place in the active volume of the TPC

+ Then, from this preliminary studies it seems that we can handle 3%Ar background
and we are cover from additional radiological background (i.e. we can search for
NDK)

“+ Using track(TPC) + OpFlash(PDS) we can get the correct t0

“+ Requiring that the OpFlash yz center overlap with the yz muon-like track vertex
seems a very robust selection (no need to use OpHit and Hit like the SN group?)

<+ Still need to study impact of cosmogenic + 3°Ar background

“+ Suggestions? ©
&

There are 3 key points for this analysis
M Flash reco (vs Background)

4 Kaon ID (and muon)
¥ No Shower-like 19
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Mechanisms of Scintillation in Argon

Self-trapped exciton luminescence
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